Zoonotic enteroparasitosis represent an important public health problem, and species of protozoa such as Cryptosporidium spp. and Giardia spp. can reach high frequencies in regions where basic sanitation conditions are poor, which promotes outbreaks of diarrhea in humans and domestic and wild animals. Wild mammals such as the South American coati (Nasua nasua) feed on insects present in the soil, fruits, and small vertebrates, and are susceptible to contamination by enteroparasites present in the environmental niche. The aim of the present study was to investigate the occurrence of Cryptosporidium spp. and Giardia spp. in N. nasua from a region in the Brazilian Amazon. Fecal samples of 27 coatis two from free-living and 25 from captivity were collected in three different municipalities in the state of Pará, Brazil. The search for Giardia spp. and Cryptosporidium spp. in the collected samples were performed using the direct and Kinyoun methods, respectively, and a commercial immunological test (RIDA®QUICK Cryptosporidium/Giardia Combi. ®R-Biopharm) was used to detect antigens from both parasites. Cryptosporidium spp. oocysts were found in 11.1% (3/27) of the samples; one from a free-living animal and two from captive animals. Giardia spp. cysts were found in 11.1% (3/27) of the samples, all from captive animals. This is the first report of infection by these protozoans in this coati's species in the North region of Brazil; the South American coati may be participating as maintainers and disseminators of infectious agents to the environment and other hosts.
INTRODUCTION
Brazilian faunas are either free-living or in captive conditions living in zoological parks, conservation, scientific or commercial shelters, research institutes, or sorting and rehabilitation centers. These animals can be carriers and, therefore, reservoirs of zoonotic agents (SILVA, 2004) . Lallo et al. (2009) report that anthropogenic environmental changes strongly affect the proliferation and occurrence of zoonotic parasitic diseases, such as cryptosporidiosis and giardiasis. However, studies on the zoonotic potential of protozoa from wild hosts is still incipient in Brazil (SOARES et al., 2008) .
The South American coati (Nasua nasua Linnaeus, 1766) is a wild, carnivorous mammal widely distributed in South America and it lives in all Brazilian biomes; they are abundant in most places where they occur, especially in intact habitats, and there are apparently no significant threats to this species, but their population is probably reducing due to hunting and habitat loss caused by human action (BEISIEGEL; DE CAMPOS, 2013) .
The scientific literature on the occurrence of Cryptosporidium spp. and Giardia spp. in wild mammals presents varied data, which are dependent on the species, geographic location, host food preferences, and seasonality, and even on results of samplings and diagnostic techniques used (APPELBEE, THOMPSON; OLSON, 2005) . Cryptosporidiosis can be caused by different species and subtypes of Cryptosporidium spp., and it affects different hosts. Clinical signs vary according to the host's age and health status, parasite species and subtype, and infectious dose .
In the most severe cases of this disease, the host can develop enteritis, colitis, cystitis, hepatitis, pancreatitis, and clinical respiratory symptoms such as sinusitis and pneumonia (CHALMERS; DAVIES, 2010) . The period between ingestion of the oocysts and the occurrence of symptoms is 7 to 10 days, which can range from five to 28 days (PEREIRA et al., 2009 ).
Several factors affect the epidemiology of cryptosporidiosis: reduced and varied size of oocysts which allows their passage through filters usually employed in water treatment processes; low infectious doses the infectious dose of C. parvum ranges from 9 to 1,042 oocysts; and production of oocysts inside the hosts they are already infectious when eliminated by defecation, and both humans and animals participate as reservoirs of the agent in its biological cycle (SMITH et al., 2006) . Other factors may contribute to the lack of information on the epidemiology of this parasite, such as the lack of the practice of disease notification by doctors and laboratories; moreover, the fecal tests used by most laboratories do not allow the identification of this parasite (VALENTIM; CARDOSO, 2011). Fayer and Xiao (2008) report that the Cryptosporidium spp. parasite load tends to be lower in wild mammals when compared to that found in domestic mammals.
From the epidemiological point of view, infection by Giardia spp. is more worrisome in animals because they show few clinical signs of infection and do not respond well to the treatments applied; thus, they serve as sources of infection because they can eliminate the Giardia spp. cysts through feces for months or even years (LALLO; RODRIGUES; BONDAN, 2003) . The great majority of studies on Giardia spp. in wild mammals were made to evaluate the potential of these animals as reservoirs of disease for humans and cattle (APPELBEE; THOMPSON; OLSON, 2005) .
Giardia spp. affects animals and humans, causing diarrhea the most common symptom and jeopardizes the digestion and absorption of food, which results in dehydration, weight loss, and death, especially in young animals and those with concomitant or debilitating diseases (MUNDIM et al., 2003) . The number of cysts ingested by the host is an important factor for the pathogenesis of this disease. The ingestion of only 10 cysts is capable of causing the infection (LINDSAY; ZAJAC, 2009).
Cryptosporidium spp. and Giardia spp. are responsible for two of the most serious water-borne diseases. The scientific literature reports epidemiological studies on these agents in several hosts, including some wild species. However, there are no studies on captive or free-living N. nasua animals with infection from enteroprotozoa, in the state of Pará, Brazil. Therefore, the objective of this study was to present data on the occurrence of these agents in coati (N. nasua) from the North region of Brazil, and contribute to the already existing information on the environmental, human, and animal health risks. Twenty-seven fecal samples of N. nasua were collected and examined: two from free-living animals and 25 from captive animals. Free-living animals were considered animals that had been removed from their natural habitat and were kept in quarantine until their final destination of release or captivity. The species Nasua nasua (Linnaeus, 1766), the South American coati, from the family Procynidae was identified by morphological observations made by veterinarians of the collection locations, based on a comparison of the characteristics of the species described by Reis et al. (2010) . This coati has a wide distribution in South America and is the only specie that can be found in the biomes Amazonia, Caatinga, Cerrado, Pantanal, Atlantic Forest, and Southern Fields.
MATERIAL AND METHODS

This
All animals were housed in individual cages that were previously sanitized and lined with brown paper. Samples were collected between March 2015 and February 2017 in the enclosures where the animals were housed. Samples were collected immediately after defecation and without the need for containment of the animals. The samplings from free-living animals were carried out during the first 24 hours of their arrival at the management site in order to exclude probable parasitic infection of the animal at the site. In the case of animals subjected to necropsy in the LABOPAT (only two animals), the feces were collected directly from the animal's rectum. Data on sex, age, origin, and location were obtained for each animal.
Approximately 10 g of feces per animal were collected in the first hours of the collection days, or shortly after the animals were fed because feeding causes the animals to defecate more frequently. The material was immediately collected to avoid the environmental contamination of the samples. Subsequently, the samples were stored in sterile universal collection flasks without preservatives and kept under refrigeration until the analyses. The samples were processed within 48 hours after collection at the Laboratory of Enteroparasitosis in the Parasitology Department of the Evandro Chagas Institute in Ananindeua, Para , Brazil. The central portion of the fecal samples was prioritized in the processing, due to its lower exposure to environmental contaminants.
The direct (lugol) and Kinyoun (modified Ziehl-NeelsenZNm) methods were used for the diagnosis of Giardia spp. cysts and Cryptosporidium spp. oocysts, respectively. Two slides were prepared per sample and analyzed under light microscopy on 40x (for Giardia cysts) and 100x objectives (for Cryptosporidium oocyst).
A small aliquot of fecal material mixed with four to five drops of lugol was used on a glass slide and mounted under a cover slip (24x32 mm) for microscopic observation for the direct examination.
Two grams of feces were used for the modified ZiehlNeelsen technique. The content was diluted and homogenized in a falcon-type tube containing 10 mL of buffered formalin that was filtered through folded gauze. Subsequently, about 4 mL of ether was added to the filtrate for centrifugation (2000 rpm for 5 minutes). The smear was made with one drop of the sediment that was stained with carbol fuchsin and observed under a microscope.
A commercial immunological method (RIDA®QUICK Cryptosporidium/Giardia Combi. ®R-Biopharm) was also employed to detect both parasite antigens simultaneously. The high indexes of sensitivity and specificity of this immunological method (above 90.0%) makes it a complementary tool for the microscopic diagnosis and increases the probability of detecting these parasites. Low rates of protozoa excretion in feces decreases the sensitivity of microscopic methods; therefore, the use of this method may also contribute to improved results.
The immunochromatographic test was performed according to the manufacturer's protocol. A homogenate was made using 50 mg of the sample that was diluted in 1 mL of extraction buffer. An aliquot of 0.5 ml of the obtained supernatant was placed in contact with the strips containing the antibodies, and the readings were carried out after five minutes.
RESULTS AND DISCUSSION
The positivity for Cryptosporidium spp. oocysts in N. nasua was 11.1% (3/27) (Figure 1) , and was found in one young, male, free-living animal and in one male and one female captive adult animals. All three coatis had no diarrhea or any other clinical signs. The detection of Giardia spp. cysts was observed in 11.1% (3/27), all adult captive animals two males and one female; one of them had a clinical presentation of diarrhea (Figure 1) . No co-infection was detected for both parasites. Source: Author's collection.
Oocysts and cysts of the agents were observed in the microscopic analyses (direct and ZNm methods). However, the immunological test showed concordance of results only for Cryptosporidium spp.; the diagnosis of Giardia spp. was positive only by the direct method. The Giardia cyst observed under microscopy probably does not belong to the species G. lamblia for which the immunological test is indicated but to other species with Giardia spp. In addition, antigenic differences among the species of G. lamblia may have affected the results of the method. Molecular studies will aid in clarifying the observed disagreement; this shows the importance of using immunological tests for the diagnosis of these agents; they have the advantage of being fast, easy to perform, and do not require qualified technical personnel or equipment.
Occurrence of Cryptosporidium spp. and Giardia spp. has been reported in N. nasua specimens from other regions, both in captive and free-living animals, which was also observed in this study. In 2008, Farret et al. were the first to report the occurrence of Cryptosporidium spp. and Giardia spp. in samples of N. nasua from Brazil that were kept in a conservation shelter in Rio Grande do Sul state. Among the three specimens studied, only one had positive diagnosis, presenting mixed infection from Giardia spp., Cryptosporidium spp., and Cystoisopora spp. Subsequently, Bosa (2014) analyzed 128 fecal samples of mammals from the Municipal Zoo of Curitiba, Brazil, and all were negative for Cryptosporidium spp. The author used only specific techniques to detect Cryptosporidium, and did not perform search for Giardia. Although only two specimens of free-living animals were evaluated in this study, the positive sample for Cryptosporidium spp. showed that this parasite occurs in N. nasua also in its natural habitat. However, this fact does not mean that parasitism by Giardia spp. is absent because both agents have the same mechanism of dissemination in the environment and have a great variety of hosts.
Studies in Brazil have demonstrated the circulation of these parasites in the wild environment. Dall'olio and Franco (2004) found high positivity (16.25%) for Cryptosporidium spp. when analyzing samples of 240 wild mammals that were captured in three areas of the Atlantic Forest. Holsback et al. (2013) studied 38 wild free-living animals in rehabilitation centers of the São Paulo and Mato Grosso do Sul states, Brazil, and found the presence of Cryptosporidium spp. in five animals. Three animals were positive for Giardia spp., and one of them was from the N. nasua species. Paziewska et al. (2007) investigated the occurrence of Cryptosporidium spp. in wild mammals in Poland 14 gray wolves, which are carnivorous like N. nasua and obtained 36% positivity. The authors suggested that these animals are important natural sources for maintaining Cryptosporidium spp. in the environment.
In 2011, Beck et al. studied 131 samples of mammals belonging to 57 species from a zoo in Croatia, and found high occurrence (29.0%) of Giardia spp. using the immunofluorescence technique. The authors reported that none of the animals analyzed presented symptoms related to giardiasis; thus, contradicting to the data of this study: one of the positive coatis for this parasite had a clinical presentation of diarrhea. Complementary studies must be performed to clarify this correlation, since other infectious agents may cause diarrheal disease in animals.
However, the positive animals for Cryptosporidium spp. in this study were asymptomatic. A similar result was observed by Rasambainarivo et al. (2013) in Madagascar lemurs parasitized by Cryptosporidium spp. with negative results for Giardia spp. It is important to point out that infectious agents have different degrees of pathogenicity, and it is possible that not all parasitized hosts show clinical signs of infection or present subclinical infection. Therefore, these individuals are asymptomatic the main maintainers of the epidemic chain of agents, which contributes to the maintenance and dissemination of the agents in the environment.
Hodžić; Alić; Omeragić (2014) investigated 123 fecal samples of red foxes (Vulpes vulpes) in Bosnia and Herzegovina, using immunofluorescence, and observed a prevalence of 3.2% Cryptosporidium spp. and 7.3% Giardia duodenalis.
More recently, Saki; Foroutan-rad; Asadpouri (2016) studied wild rodents in Ahvaz, Iran, using a ZNm technique and polymerase chain reaction (PCR) for Cryptosporidium spp. and found 3% of positive samples, which is a result slightly lower than that found in N. nasua in this study. Bittner et al. (2010) stated that wild animals, both freeliving and captive, might be infected with Cryptosporidium spp. and Giardia spp., and that the interaction of these animals is increasing with humans; unfortunately, the number of complaints about coatis in houses and urban areas close to forest fragments is increasing because they are constantly seeking housing and food. The participation of N. nasua as well as other wild and domestic mammals as host reservoirs in the dissemination of such agents cannot be underestimated because of its direct effect on human, animal, and environmental health.
In epidemiological terms, a large variation of occurrence levels for Cryptosporidium spp. and Giardia spp. in wild mammals from different regions of the country and the world is observed. Thus, new studies on wild animals within their environment will better clarify about the epidemiology of these agents in the Amazon region. Moreover, these parasites circulate more in captivity because of their maintenance and dissemination in these environments, which shows the importance of periodic evaluations and identification of the probable sources of infection in the animals.
CONCLUSIONS
The study proves the presence of the agents Cryptosporidium spp. and Giardia spp. in South American coati (Nasua nasua) that are kept in shelters in the state of Pará, Brazil. These animals can act as sources of infection for humans and other animals. This is the first report of infection by these protozoans in the Nasua nasua species in the North region of Brazil. Further molecular studies are needed to elucidate the pathogenic and zoonotic potential of these agents at the regional level.
